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INTR ODU CTION 
T here are many nutrients in a farming operation 
which can limit production. Nitrogen deficiencies are 
found more often than any other . Crop yield increases 
needed to meet world population growth result in a 
greater demand for nitrogen. The commercial chemical 
manufacturer of fertilizer nitrogen by the Haber-Basch 
method is very energy intensive. Biological nitrogen 
fixation as an alternative source of nitrogen is now 
being extensively studied . 
The leg ume-rhizobium symbiosis has been well 
documented. This symbiosis has occurred for centuries 
yet the knowledge of its process and how it helps to 
decrease fertilizer nitrogen requirements was welcomed by 
the agricultural community. 
Another valuable contribution is that of the 
associative nitrogen fixing bacteria and the plant root . 
A number of studies have found rhizophere nitrogen 
fixation contributes significant amounts of nitrogen 
toward plant growth (3, 1 6 ,  26). Other studies have 
determined that the amount is insignificant ( 4 ) . There 
have been many reports of exudation of organic compounds 
by the root (2 , 7, 1 9 ,  2 1 , 2 6) and characterization of 
these exudates . Exuded carbohydrates may be used by 
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associative nitrogen fixers . Valuable knowledge must be 
collected to determine which exuded carbon and energy 
sources can be used by nitrogen fixing bacteria in the 
rhizosphere. 
LIT ER AT U R E  R E VIEW 
Nitrogen Fixation Associated With Plants 
Acetylene reduction has have been used as to 
demonstrate nitrogen fixation associated with a variety 
of plants . T he acetylene reduction technique involves 
mak i ng measurements of the rate or quantity of ethylene 
formed in a soil incubated with acetylene . The 
nitrogenase enzyme reduces the triple bond of both 
nitrogen and acetylene . Nitrogenase completes a total 
reduction of nitrogen to the final product , ammonia. 
W hen acetylene is the substrate , the reaction with 
nitrogenase produces only ethylene . No further reduction 
takes place and ethylene is released into the atmosphere . 
The quantity of ethylene produced is usually determi ned 
by means of a gas chromatograph .  
Weaver et al . ( 2 8 )  noted rhizosphere-assoc iated 
nitrogen fixation during their study of established 
forage grasses in Texas. In another example involving 
grasses , sand grain root sheaths of certain xeric grasses 
were also found to have the ability to fix nitrogen ( 2 9 ) . 
Nelson et al . ( 1 8) made an effort to quantify the amount 
of nitrogen fixed . They estimated that up to 37 g N/ha 
per day could be fixed in the rhizosphere of colonial 
bentgrass . When this amount was converted to 
measurements for a growing season of 1 0 0 days , almost 3 
Kg N / ha per year was determined to be fixed . 
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Nitrogen fixation has also been found associated 
with grain crops . A study in Nebraska by Pedersen et al . 
( 2 2 )  determined that wheat and sorghum fixed varying 
amounts of nitrogen . Scout 6 6  winter wheat yielded 2 90 
nm ethylene per hour per gram of root segments . A grain 
sorghu m  studied had a higher nitrogenase activity than 
either the winter wheat or a forage sorghum tested . 
In a study to determine if the levels of 
nitrogenase activity remained constant throu ghout the 
year , Livingstone and Patriqiun ( 1 3 )  measu red acetylene 
reduction activity , above ground plant biomass and 
ambient temperature . Acetylene reduction activity 
increased as biomass and temperature increased du ring the 
su mmer months in Nova Scotia . This activity decreased 
until it reached a minimum value during the later fall , 
winter , and spring months . Temperature was found to be a 
major factor influencing the rate of nitrogenase 
activity . 
Review of Bacteria Associated With Nitrogen Fixation 
Identification of the microorganisms associated 
with plants showing acetylene reducing activity and 
determination of these microorganisms' role in acetylene 
reduction have been attempted . Azospirillum lipferum ,  
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Enterobacter agglomerans , Klebsiella pneumoniae , and a 
Pseudomonas �· which fixed nitrogen were isolated from 
washed roots of plants in a study in Finland by Haahtela 
et al . ( 9 ) .  This study suggested that nitrogen-fixing 
activity had been carried out by these organisms and that 
the or�anisms were present on the root surface , between , 
or in the root cells of the plant . Watanabe et al . ( 27 )  
determined that nitrogen fixing bacteri� could be found 
associated with the -basal portion of rice plant shoots up 
to three em from the base . Microbial population 
variation along the plant root length was investigated by 
Bennett and Lynch (5). They outlined a procedure for 
inoculation of wheat , barley , and maize in sand culture 
and microorganisms isolated from appropriate 
rhizospheres. When the roots were viewed , microbial 
populations were found to remain constant along the root 
length except at the root tip where there was a ten fold 
decrease in numbers. They attributed this decrease to 
the inability of the microorgani sms to mult iply at the 
same rate at wh ich root tip growth occurred. Anderson 
and Pengra ( 1 ) reported numbers and the identity of 
nitrogen-fixing bacteria wh ich they isolated from the 
rh i zosphere of certain grasses. Azospirilla and 
facultatively anaerobic nitrogen-fixing bacteria were 
counted in soil and rhizosphere samples. 
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Attempts have been made to identify the bacteria 
responsible for nitrogen fixation in the plant root 
rhizosphere . When the roots of four wheat strains were 
tested by Neal and Larson ( 1 7 ) , only one strain was found 
to harbor a spore-forming gram positive bac illus which 
fixed nitrogen . This bacillus was not furt her 
characterized in the study . 
Enterobacter cloacae, Baci llus polymyxa , and B .  
mascerans were isolated from a wheat root rhizosphere by 
Nelson et al. ( 1 8 ) .  Other i�olates from the wheat root· 
rhizosphere included Klebsiella pneumoniae and Erwinia 
herbicola , besides the Enterobacter mentioned above (22). 
Plants other than wheat have been found to harbor 
dif ferent bacteria , such as members of the genus 
Azospirillum and Pseudomonas (9). All of these organisms 
possess the ability to fix nitrogen . With the 
identif ication of these organisms and where they occur on 
the plant, the possibility of using these organisms as a 
rhizosphere inoculant in a system of· biolog ical nitrogen 
f ixat ion nears reality . 
World population growth and the subsequent need 
for an increased crop yield have led to greater demands 
for fertilizer nitrogen or an alternative to this high 
priced source of nitrogen. The use of biological 
nitrogen f ixation has been suggested as one such 
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alternative . R esearch in several areas needs to be 
carried out before this alternative can be used. The 
microorganism must have the ability to fix nitrogen and 
to grow in the rhizosphere in sufficient numbers to 
provide significant amounts of nitrogen. The plant needs 
to be able to sustain the growth of the microorganism and 
to utilize the nitrogen which the organisms fixes . 
Review of Optimum Conditions For the Growth 
of Klebsiella pneumoniae 
Previously discussed were several stud ies which 
have been performed outlining procedures for identifying 
microorganisms present within the rhizospheres of plants. 
One of these organisms , Klebsiella pneumoniae has been 
isolated from the plant rhizosphere in several cases . 
Klebsiella pneumoniae ( Schroeter ) Trevisan is described 
as the type species of Klebsiella in the eig hth edition 
of Bergey's Manual of Determinative Bacteriology (6 ) .  It 
is a gram negative non-motile rod which is found widely 
distributed in nature . Work with strains of this 
organism has determined that it is a facultative anaerobe 
which fixes nitrogen only under conditions of red uced 
oxygen tension (12, 23). Nitrogenase synthesis is 
optimum at a temperature of 28° to 3 0°C ( 3 1 ) .  No 
nitrogenase activity occurs when N03 or NH4 were present 
as nitrogen sources for the organism ( 1 1 , 1 4, 25). With 
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removal o r  ae r obic utilization of these nit r ogen sources , 
synthesis o f  nitrogenase begins after a lag of several 
hours (14, 23, 25). Ox ygen inhibits nit rogenase 
activity . At amounts of 0 . 0 6 atm . partial pressure o f  
o x ygen within a cultur e  flask , the acetylene reducing 
ability of a nitr ogen-fixing organism dec reased by 
greater than 90 percent . Even 0.02 atm . o x ygen or less 
decr eased acetylene re duction by a substantial amount 
( 1 7 ) I 
Review of Studies on Plant Root E xudates 
What is present in the rhizosphere of the plant 
that encourages growth o f  these organisms? This question 
has spur red many authors to stud y the rhizosphere o f  the 
plant and the plant r o ot itsel f in an effo rt to find an 
answer . 
E x udation o f  substances by the root has been found 
to occur mainly fr om the basal region (10). The 
substances e xuded have be en characte rized and contain 
var ying concentrations of sugars , amino acids , .and 
organic acids. Fucose , galactose , arabin ose , x ylose , 
glucose , an d mann ose we r e  e xcrete d by r o ot cap cells of 
co rn as slime with a density o f  1. 63 gl e e  (7, 21). Wheat 
seedlings exuded a mucilage composed of glucose , 
galactose , mannose , arabinose , x ylo se , and othe r sugars 
(19, 26). Amino acids including asparagine , aspar tic 
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acid, glutamic acid, alanine , valine , and leucine were 
leaked by root cells of wheat in a stud y  of Ayers and 
Thornton (2). Ayers and Thornton go on to explain that 
in thei r stud y, root cells that were damaged exuded these 
amino acids whereas intact cells did not . Since that 
time , other researchers have determined that exudation 
does occur under natural conditions . 
Beck and Gilmour (4) attempted to determine the 
role of wheat root exudates ifl associative nitrogen 
fixation . The carbon and nitrogen-containing compounds 
exuded ser ve as nutrients for the rhizosphere organisms . 
The site, nature, and amount of the exudates determines 
the extent of microbial colonization possible . An 
estimated 4. 9 kg N / ha could ideally be fixed by nitrogen­
fixing organisms if no other competing organisms were 
present to utilize the exudate (4). 
An indication that root exudation was enhanced by 
the microorganism was that the concentration of a variety 
of carbohy drates including glucose, galactose, mannose , 
arabinose , and xylose increased in the root exudate when 
a high number of microorganisms were also present (19). 
An increase in soluble carbohy drates due to the 
microorganisms presence was in fer red to occur when a 12-
fold greater microbial cell biomass was produced than 
could be accounted for by carbohy d rates released by 
uninfected plants (3). 
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Earlie r Barbe r  and L ynch (3) reported that 
m icroorganisms stimulated release of soluble 
carbohydrates by the roots of barle y .  The y found that a 
greate r microbial biomass was produced than could be 
accounted for by utilization of the amount of 
carbohydrate re leased by a noninfected plant-root system . 
Positive chemotaxis of bacte r i a  towards the plant 
root e xudates was dete rmined by Gaworzewska and Carlile 
(8). These authors �ete rmined which of the sugars found 
in the e x udate of legumes and othe r plants stimulated 
positive chemotaxis by rhizobium and othe r bacte ria . 
Fructose , glucose , maltose , ribose , x ylose , arabinose , 
and galactose we re positively chemotactic . Two othe r 
suga rs , raffinose and sucrose , did not possess this 
abi lity . O f  20 amino acids and fou r  organic acids 
tested , all had positive chemotactic ability . 
Whethe r bacte ria found in the rhizosphe r e  ar e able 
to incr ease the nitrogen available to the plant is the 
ne xt que stion _to be addr essed . In two stud i es , 
azospirillam ( 2 4 )  and azotobacte r  ( 1 6) inoculation of 
se ed which we r e  plante d using various amounts of nitrogen 
fe rtilize r increased the yield of subsequent plants to 
the e xtent that it was less e xpensive to add these 
microorganisms than to ·add mor e  fe rtilize r .  
This is a stud y of the e f fect of carbon and ene rg y 
sources upon the ability of the organism Kle bsiella 
1 1  
pneumoniae M 5a1 to fix atmospheric nit rogen in a 
nitrogen- free culture medium unde r reduced ox ygen 
conditions. Amino acids were found not to inter fere with 
induction of the nitrogenase system of this organism (30, 
20). · The carbon and energy sources used will be some of 
the sugars found present in root exudates by Paull et al . 
(21), Floyd and Ohlrogge ( 7 ) ,  Oades (19), and others . 
Nitrogen fixation ability will be assessed by means of 
acetylene reduction and a semi-micro Kjeldahl nitrogen 
assay ( Pengra , personal communication ) .  
MATE R IALS AN D ME THODS 
The organism used throughout this stud y was 
Klebsiella pneumoniae . K .  pneumoniae ( Schroeter ) 
Trevisan is the type species of this organis m  as 
described in Bergey's Manual of Determinative 
Bacteriology ( 6 ) . The strain used in this stud y , K .  
pneumoniae M5a 1 , was originally isolated by Dr . E .  McCoy 
of the University of Wisconsin from a 2-3 butanediol 
fermentation ( 1 5 ) .  The culture was maintained by 
periodic transfer at th ree week intervals onto brain 
heart infusion agar slants. To check for purity , the 
culture was streaked on brain heart infusion agar plates 
and gram stains of the organism we re obs erved 
microscopically . 
The medium ( Modified MW ) used in this stud y , 
developed by Pengra and Wilson ( 2 3 ) , was composed of: 
Solution I: 
Na2HP04 KH 2 Po 4 CaCl · 
FeMo2Solution * 
Distilled Water 
1 2 . 5  g 
1 • 5 
0 . 0 1 
1 .  0 ml 
7 0 0  ml 
* FeMe solution contained 1 . 0 mg Fe/ml as Fec1 3 
plus 0. 1 mg Mo/ml as Na2Moo4. 
Solution II: 
MgSO� 7H ?. O Distillea Water 
0 . 2  g 
15 0 ml 
Ca rbohydrate: 
Ca rbohydr ate ** 
Dist illed Water 
5 . 0 g 
15 0 ml 
** Carbohy dr ates included arab i nose , galactose , 
glucose , mannose , sucrose, or xylose . 
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The fi rst tw o soluti ons were autocla ved 1 5  mi nutes 
at 1 2 1 °C ,  cooled and mi xed with the filter ster ilized 
ca rbohy dr ate j ust prior to use . All i n o r ga n i c chemicals 
used in thi s  study were obta i ned as an analytical o r  
reagent grade . 
Reagents 
Reagents for semi-micro Kjeldahl n i trogen analys is 
i ncluded: 
D i gesti o n  Mixture: 
H2so4 
N a 2so 4 
N a 2seo 3 c u so � 
Distilled Water 
5 0 0  ml 
7 5  g 
1 I 5 
1 I 5 
5 0 0  ml 




4. 0 g 
4. 0 g 
2 5  ml 
Soluti o n  B:. 
Gum Ghatti *** 1 .  7 5  g 
*** Li ght colored gum ghatti was chosen and ground 
i n  a mortar . The powder ( 1 . 7 5 g )  was dropped into 7 5 0  ml 
of boiling water and refluxed for fou r hours or until 
dissolved. The soluti on was allowed to sta nd overnight 
pri or to pass ing through glass wool . Thi s  filtrate was 
aga i n  filtered , cha nging the paper to speed the process . 
397942 
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Solutions A and B of the Nes sler's reagent were 
combined and brought to one liter final vo lume . 
Nessler's Alkali ( 3 N NaOH ) :  
NaOH 1 2 0 g 
Disti lled Water 1 0 0 0  ml 
Nitrogen Standard ( 2 0. 0 �g N /ml ) 
( NH 4 ) S0 4 0 . 0 9 67 g Distifled Water 1 0 0 0  ml 
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N itrogen , hydr ogen , acetylene, argon , and ethylene 
gases were supplied by Dakota Weldi ng Supply Co. of 
Watertown , S . D .  
Procedu re 
A cultu re of the o rganism Klebsiella pneumoniae 
M5a 1 was maintained on brain hea rt infus i on aga r slants. 
An inoculum of this culture was grown up in the following 
manner . A 1 2 5 ml E rlenmeyer flask containing 5 0  ml of 
sterile brain heart infusion broth was inoculated with 
the culture. T his flask was incubated at 3 0°C for 2 4  
hour s  and the optical density o f  its contents was 
monito red . Samples were removed to a 1 3  mm glas s cuvette 
and optical density was observed by means of a Bausch and 
L omb Spectronic 2 0  spectrophoto meter set for 6 4 0  nm 
wavelength . When the optical density of the culture 
reached 0. 70 0, the contents of this fla s k  was used as an 
inoculum at a rate of three ml per liter of Modif�ed MW 
medium . 
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The Modi fied MW medium conta in ing 0 . 5  percent 
·ca rbohydr ate was placed i n  the growth flask conta ining a 
stirbar . The ster i le system wa s inoculated with three ml 
of the above inoculant per liter . The flask was placed 
on a metal sti rplate and sti r red wti h  a conti nuous vortex 
motion. The system· wa s purged of oxygen for ten minutes . 
Dur ing thi s  time ster ile nitrogen flowed into the 
apparatus through a ster ile gas filter and rubber tubing 
by means of gla ss tubes through the flask stopper ( Figure 
1 ) . The flas k was sealed by clamping shut the tubing at 
point A ( Figure 1 ) .  An in itial sample of nine ml of the 
culture in Mod i fied MW was removed by means of a ten ml 
ste r i le sy r inge through the alcohol ster ilized rubber 
tubing ( 1 / 4 "  ID x 3 / 1 6 " OD ) at point B ( F igure 1 ) .  An 
optical density determination was ca r r ied out and a 
subsample was removed from the cuvette for a semimicro 
Kjeldahl nitrogen determination . A sepa r ate 0.5 ml 
sample of the culture in Modified MW wa s removed with a 
ster i le one ml sy ringe to a five ml Fern bach flask 
stopped with a se rum stopper .  T his fla s k  contained an 
atmosphere made up of ten percent acetylene and 9 0  
pe rcent a rgon . This sample was used fo r the acetylene 
reduction assay ( described later in the section 
concerning acetylene reduction ) .  Subsequently , samples 
were removed from the culture appa r atus at one to two 











Figure 1. Culture apparatus used for the growth of Klebsiella pneumoniae M5al 




hour intervals for opt ical density determinations . In 
the instances noted in the Appendi x, semim icro Kjeldahl 
and acetylene reduct ion samples were also removed . 
Determination of G rowth and Nitrogen Fixation 
Optical density was immediately determined for 
each sample . When the cuvette contai n i ng the sample was 
taken from the spectrophotometer, four ml of its contents 
were removed to a 1 0 0 ml sem im i c ro Kjeldahl flask . This 
flask contained four-ml of digestion mixture and two 
glass boiling beads . A rubber stopper was put tightly in 
place and the flask was stored at room temperature until 
the assay could be completed . When time allowed , the 
flask was placed on a digester and boi led to ramove all 
carbonaceous materials . One flask was made up for each 
sample removed dur ing the growth per iod of �· pneumoniae 
M5a 1 on each carbon source replication . Total organic N 
was determined by first quantitatively trans fering the 
contents of the flask to a 5 0  ml volumetr ic flask . T he 
contents of the volumetric flask was cooled pr ior to 
adding distilled water to bring the final volume to 5 0  
ml . Triplicate one ml al iquots were removed from th is 
flask and place in 1 3  x 7 5  mm cuvettes . One ml o f  
Nessler's reagent was added and the contents were mixed 
prio r to the addition of 1.5 ml of Nessler's alkali and 
further mix ing. Each tube was held for 1 5  to 2 0  minutes 
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at room temperature to allow color de velopment to occur . 
A seri es of standard tubes ,  conta ining 0 ,  2 . 5, 5 ,  1 0 , and 
2 0  �g nitrogen per ml and tre ated with N essler's re agent 
and N e ssle r's alkali as above . T he re agent blank 
conta ining 0 ug nitrogen per ml was use d  as the zero 
blank in the spectrophotometric assay . The optical 
density of the standard seri es and the triplicate set of 
each sample were determined on the Spectronic 20 at 490 
nm wavelength . The data obta ined when opti cal density 
was determ ined on the standard seri es were used to 
prepare a standard curve ( Figure 2 ) . All samples removed 
during one growth period were assayed together . N itrogen 
values of the aliquots were re ad from the standard curve 
( Figure 2 )  and averaged . T his average value was entered 
into the equation be low to determine the amount of 
organi c  nitrogen present per ml of culture at each time 
of sampl i ng: 
N itrogen value from the standard curve � X One ml aliquot 
5 0  ml per volumetric flask = 
� ml culture sampled 
�N 
ml of culture sampled 
Acetylene Reduction 
A 0 . 5  ml sample was removed from the culture 
apparatus ( Figure 1 )  at point B with a 1.0 ml sterile 
syringe . T hi s  sample was removed immedi ately after the 
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Figure 2. A standard curve obtained by Nessler's Ammonium assay. 
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density and Kjeldahl nitrogen. T he 0 . 5 ml sample was 
placed in a five ml Fernbach flask which had previously 
been stoppered with a seru m stopper , e vacuated thre e 
time s, and filled with argon gas . Four-tenths ml of 
acetylene was added to ensure that the final volume in 
the flask contained a ten percent acetylene atmosphere. 
These flasks were held at room te mperature for three 
hours before be ing frozen. If the microorganisms present 
with in the sample ar� fixing nitrogen , the ni trogenase 
enzyme is pr esent and acetylene present in th e flask will 
be reduced to ethylene. Fre ezing halts the enzyme 
acti vity and stops acetylene reduction to ethylene . At a 
late r  time , a Varian Aerograph ser i es 1 5 2 0  gas 
chromatograph , equipped with a flame ionization detector 
and a column of alu mina (180 em x 1 . 2 mm ) ,  was used to 
determ ine the amount of ethylene produce d. N itrogen was 
used as a carrier gas . Fifty ul of gas containing 2 . 25 x 
10-4 moles of acetylene and ethylen e  were use d  as a 
standard . Peak he ights achi eved with a 5 0  �1 ali quot 
from each thawed Fernbach flask were com pare d  to the 
standard peak he ight. Since all peaks were sharp and 
narrow ( 1 mm ) at the base, peak he ight alone was used to 
determine a figure for total acetylene reduction. The 
amount of acetylene reduced and ethylen e  formed occurred 
on a 1:1 basis by the equation C 2H 2 + 2H 
C 2H 4• M oles of ethylene produced per ml of culture at 
each sampl ing increment was determined by the formulas 
given below: 
Sample ethylene peak hei ght ( mm )  x 
2 . 2 5 x lQ-5moles ethylene injected = 
standard peak height ( mm )  
moles ethylene p roduced 
5 0  ul i njected 
Moles ethylene produced x 
5 0  ul injected 
5 0 0 0 ul � Fernbach flask _ 
0 . 5 ml of culture sampled-
moles ethylene p roduced 
ml of culture sampled 
By th� methods outlined above optical density , 
Kjeldahl nitrogen per ml of culture , and acetylene 
reduction per ml of culture were determined for each 
21 
sample removed during the growth period of � pneumoniae 
M5a 1 .  These assays were repeated for each replicate of 
each sugar used in this study .  
R E SULTS AND DISCUSSION 
In th is set of experiments xylose did not se rve as 
a carbon and energy source for a cultur e  of Klebsi ella 
pneumon i a e  M 5 a 1 when growing on gaseous nitrog en. 
Arabi nose , glucose , galactose , mannose , and sucrose when 
used individually did serve. A Kjeldahl nitrogen assay 
and acetylene reduction were used to de monstrate nitrogen 
fixing ability. 
T h e  data collected throughout the se experi ments 
include d: the sugar used , number of th e replications , 
time elapsed since th e experiment began, optical density 
at each sampling time, �g of Kjeldahl nitrogen per ml of 
culture suspension , and acetylene reduced per ml of 
cultur e  suspension. All data we r e  stored on computer 
tape .  
Incr e ase i n  optical density was used as th e 
indicator of cell growth . F igures 3 through 8 illustrate 
the mean growth patte rns of � pneumon i ae M 5a 1 wh ile 
utilizing six individual sugars . T he patte rns of growth 
for th i s  culture as shown in F igur es 3 th rough 7 are 
indicative of an incre ase in cell numbers. T he culture 
when grown on each of th ese six sugars had a substanti al 
lag period prior to exponential growth. It has be en 
postulated th at th is is an inducti on lag (23). 
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Figures 3 and 4. Mean optical density values for the growth of Klebsiella 
pneumoniae M5al utilizing arabinose (fig. 3) and galactose 
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Figures 5 and 6. Mean optical density values for the growth of Klebsiella 
pneumoniae M5al utilizing glucose (fig. 5) and mannose 





. 8 I 0 
0 





f .5 � 0 
� I 0 H 
� .4 1 0 A 0 
� u I 0 � . 3  
� I 0 0 0 
0 























1 0 0 0 • 1 0 ° 0 0 0 0 0 0 0 0 0 0 0 0  




Figures 7 and 8 .  Mean optical density values for 
the growth of Klebsiella 
pneumoniae MSal utilizing 
sucrose (fig. 7) and xylose 





A culture of K .  pneumoniae M5a 1 is able to grow 
when provided with arabinose , galactose , glucose , 
mannose , or sucrose as its carbon and energy source . As 
is shown in Figure 8 the lag period when xylose was the 
sole carbon and energy source was also considerable . 
Little growth occurred when xylose was provided to the 
cells . T he increase in optical dens ity which was 
observed probably to o k  place as the result of cell 
utilization of the nitrogen present in the inoculum which 
contained brain heart infusion broth . This brain heart 
infusion broth was diluted when inoculated into the 
culture apparatus . When x ylose was provided as the sole 
carbon and energy source , a slow increase in optical 
dens ity occurred . No adaptation to nitrogen·in the 
Modified'MW medium occurred as indicated by a rapid 
increase in optical density . This adaptation can be seen 
in Figures 3 through 7. 
Statistical analyses were performed on growth data 
for each replicate of a sugar . Table 1 shows.the 
correlatio n  of the optical density -urves o btained for 
all replications of each individual sugar. 
Table 1 
Correlation of Mean Optical Density to 
Actual Data For Each Sugar 







* Significant at the 0 . 0 5 level 
** Significant at the 0 . 0 1 level 
*** Insufficient replicates to determine 
statistical significance 
r 
0 . 9 9 4** 
0 . 98 9* 
0 . 9 9 4 ** 
0 . 9 8 5** 
0 . 9 9 5*** 
0 . 9 6 8  
These data emphasize the reproducibility of the optical 
density curves obtained by the methods used in this 
study . The correlation of the curve for xylose is 
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0 . 9 6 8, which indicates that there was more variability in 
the optical density data collected when the cells were 
grown on xylose than when they were grown on any other 
sugar . 
Kjeldahl nitrogen and acetylene reduction assays 
were performed to confirm whether cells of the culture of 
K .  pneumoniae M5a 1 grown under these conditions did or 
did not fix nitrogen . 
Kjeldahl nitrogen data are plotted on graphs in 
Figures 9 through 1 4 . The mean optical density curve for 
each carbohydrate is also plotted on each graph . In all 
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Figure 1 1 .  Kjeldahl nitro gen values per ml o f  culture during grow th of  
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shown. 
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ca ses Kjeldahl nitrogen values o bta i ned a re va r i able over 
the time per i od . The pattern in all gr aphs , except that 
seen for xylo se ( F igure 1 4 ) ,  is one of increa s ing 
n itrogen . When the observed cultur al optical den s ity 
became s t a tionary , culture nitrogen als o cea sed to 
increa s e . Kjeldahl nitrogen values for two replicati ons 
of the cul ture grown on M odified MW medi um co ntain i ng 
xylo s e  demo n s trate tha t no appreciable i ncrea se occurred 
in the amount of ni trogen per ml of cul t u re . 
Mean ris e of culture nitr ogen values were compa red 
to the increa se in mean optical den s i ty values fo r g r owth 
of these cells on each suga r ( Table 2 ) . 
Ta ble 2 
L inea r  Co r rela t i on of Kjeldahl Determi ned N itr ogen 
t o  Opt ical Dens i ty Mea surements 
Suga r 
Ar a b inose 
Galactose 
Gluco se 
M ann o s e  
Sucrose 
Xylo se 







* Signi f icant a t  the 0 . 0 1 level 
** I n sufficien t replicates to determine 
stati stical s ignificance 
r 
0 . 9 2 
0 . 8 1 
0 . 5 4 
0 . 9 6* 
0 . 5 7** 
0 . 9 1 
As an example 9 6  percent of the time when ma nno se is used 
a s  the car bon and energy s ource , an inc rea se in ni trogen 
is correla ted with op t ical dens i ty .  The correla t i o n s  
3 5  
calculated for gl u c ose and sucrose are very low ( r  + 0 . 5 4 
and 0 . 5 7 ). One woul d expect to see go o d  correlation when 
prov i d ing these cells with gluc ose but the K jeldahl 
nitrogen values o btained were too variable . A high value 
was obtained when culture nitrogen values were compared 
to optical density val ues obtained when xylose was the 
sole sugar provided . This correlation , r = 0 . 9 2 ,  can be 
explained by the lac k  o f  inc rease in the optical density 
whi ch was c o r related -with the lack of cell nitrogen 
increase . 
Samples for acetylene red uction were removed at 
the same time as samples fo r Kjel dahl ni trogen . 
Acetylene reduction was noticed to increase rapidly when 
the culture entered the exponential phase o f  growth . 
Cells gro wing and dividing exponentiall y  pr o d uced 
nit r o genase which al l o wed rapid red uction o f  acetylene . 
Tota l  amounts o f  acetylene reduced per culture per gr owth 
period c o ul d not be ac curately cal culated . Assays o f  the 
amount o f  acety lene reduced per ml o f  culture showed that 
acetylene red uction did occur . When the acety lene 
reduction data were graphed , smooth curves were not 
o btained ( Figures 15 to 2 0 ). When the cells were grown 
on any o f  the sugars except xylose , acety lene reduction 
occurred and reached a maxim um just prior to cessation o f  
exponential gro wth . This demonstrated that nitrogen 
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Figure 1 9 . Acetylene reducing ac tivity per ml of  culture during growth 
of Klebs iella pneumoniae MSa l  utiliz ing sucro s e  as a sole 
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Figure 20 . Ac etylene reduc ing ac tivity per ml of culture during growth 
of Klebs iella pneumoniae M5a1 ut ilizing xylose as a sole 
carbon and energy source .  Mean opt ical dens ity is also shown . 
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fixation did occur when the culture was growning on each 
of these sugars . Measurements made of acetylene 
reduction substantiate the inc rease of cell nitrogen 
which was observed . When nitrogen fixation , as evidenced 
by acetylene reduction , ceased , the Kjeldah l  determined 
amount of nitrogen per ml of culture also ceased to 
increase . Acetylene reduction by this cul t u re was not 
demonstrable when xylose was provided for energ y ( Figure 
2 0 ) .  This lack of acetylene reduction along with a 
relatively small rise in optical density and steady 
Kjeldahl nitrogen value suggest that xylose does not 
serve as a carbon and energy source which will allow the 
organism to fix nitrogen . 
CON C L USION S 
A cul t ure of Klebs iella pneumoniae M5a 1 was grown 
u p  on s elect ed sugars which have been found to be 
exuda t e s  in the plant rhizos phere . This organ i s m  is able 
to fix ni trogen when provided with arabinose , galactos e , 
gluco s e , mannose , or sucrose as a sole carbon and energy 
source . I t  does not fix nitrogen when xylose i s  
provided . 
There was no fixed nitrogen in the culture medi um . 
N itrogen gas was therefore provided in the culture ves sel 
heads pace as the only ni trogen available in the system . 
N itrogen fi xat ion was monitored by acetylene reduct ion 
and semi micro Kjeldahl nitrogen determi nation s . 
K jeldahl nitrogen data shows that nitrogen pe r ml 
of culture increased when any of the sugars except xylose 
was u s ed as a carbon and energy source . No explanation 
was found for the correlation between K jeldahl nitrogen 
and optical density shown in Table 2 for glucose and 
s ucrose . When cell nu mbers ( optical dens ity ) ceased to 
increase , as shown by entry into stationary phase , 
Kjeldahl nitrogen values also ceas ed increas ing . When 
any sugar e xcep t xylose was provided , acetylene reduction 
by t he subsample s occurred soon after the culture began 
exponential growth . Acetylene reduction values increas ed 
4 4 
rap idly until they reached their maxim um prior to the end 
of the cells exponential growth . When the culture neared 
stationary phase, the acetylene reducing activity ceased . 
The cu lture ceased fixing n i trogen at the 
beg inn ing of maxim um stationary phase . It appears that 
cells grow on nitrogen released by cytolysis . The 
available n itrogen is more eff iciently used allowing the 
cells to "neglect " to fix n itrogen . As n itrogenase is 
inducible it was lost . 
When xylose was provided as sole carbon and energy 
source no increase was seen in culture n itrogen measured 
by the Kjeldahl method and no acetylene red ucing activity 
was detected . Xylose, therefore, appears not to serve as 
a carbon and energy source for n i trogen f i xation and 
growth . 
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AP P E N D IX A 
Acetylene 
Elapsed K jeldahl Red ucing 
Time OD N itrogen Activi §Y 
Sugar Rep ( hrs ) 6 4 0  nm u g /ml M X 1 0  
Arabinose 1 0 . 0 0 
Arabinose 1 1 I 0 0  0 1 0 1 3  2 8 1 5  0 . 0  
Arabinose 1 3 � 0 0 0 . 0 1 2  2 1 . 2  0 . 0  
Arabinose 1 6 . 0 0 0 . 0 4 7  2 4 . 0  0 . 0  
Arabinose 1 9 . 00 0 I 1 0 3  1 9 1 4  2 1 2  
Arabinose 1 1 0 � 5 0 0 I 1 1 8 2 4  I 1 7 6 1 5  
Arabinose 1 1 2 � 0 0 0 I 1 4 3 2 5 1 8  1 0 7 1 3  
Arabinose 1 1 3 � 5 0 0 I 1 6 4 3 0 1 5  1 4 0 I 1 
Arab inose 1 1 5 � 0 0 0 I 1 8 9 2 3 1 2  9 9 1 5  
Arabinose 1 1 6 � 5 0 0 � 22 3  2 7 . 6  8 9 1 5  
Arabinose 1 1 8 1 0 0 . 0 I 2 6 2 ' 3 2 1 5  2 1 5 1 2  
Arabinose 1 1 9 � 5 0 0 � 3 0 0  3 4  I 1 2 8 4 . 6  
Arabinose 1 2 1 1 0 0 0 1 3 4 5  3 5 . 7  1 9 3 1 0  
Arabinose 1 2 2 � 5 0 0 � 3 8 7  3 8 1 8  2 1 8 1 5  
Arabinose 1 2 4 1 0 0 0 � 4 3 2  4 1  . 4 2 6 4  I 1 
Arabinose 1 2 5 � 5 0 0 . 4 5 6  4 5 1 6  2 5 5 I 1 
Arabinose 1 2 7 � 0 0 0 1 4 8 1  4 5 . 6  2 8 1 I 7 
Arabinose 1 2 8 1 5 0 0 1 4 9 5  5 2 . 1 2 1 9 1 5  
Arabinose 1 3 0 � 0 0 0 1 4 9 9  5 6 . 4  4 4 1 6  
Arabinose 1 4 5 � 7 5 0 1 4 6 9  5 2 . 9  2 1 0  
Arabinose 2 0 1 0 0 0 � 0 1 5  1 8 . 2  0 1 0  
Arabinose 2 1 I 5 0  0 1 0 1 3  0 1 0  
Arabinose 2 3 � 0 0 0 1 0 2 0  1 9 . 8  0 1 0  
A rabinose 2 4 � 5 0 0 � 0 3 4  0 1 0  
Arabi nose 2 6 1 0 0 0 � 0 5 1  1 6 . 4  0 1 7  
Arabinose 2 7 . 5 0 0 1 0 6 6  1 4 1 2  
Arabinose 2 9 � 0 0 0 � 0 7 8  1 8 . 5  2 1  . 1 
Arabinose 2 1 0 � 5 0 0 1 0 8 6  2 7 . 5  
Arabinose 2 1 2 1 0 0 0 I 1 0 5 2 1 1 0  4 2 1 3  
Arabinose 2 1 3 � 5 0 0 I 1 3 3 2 2 ., 8  6 2 1 4  
Arabinose 2 1 5 . 0 0 0 I 1 5 8 2 4 1 6  1 1 6 I 6 
Arabinose 2 1 6 � 2 5 0 1 1 8 8  2 6 . 0  1 7 3 1 6  
Arabinose 2 1 8 . 2 5 0 . 2 5 2  3 4 1 4  2 4 2 . 5  
Arabi nose 2 1 9 . 7 5 0 � 3 1 2  4 1  . 2 2 4 5 1 2  
Arabinose 2 2 1 . 2 5 0 . 3 6 7  4 3 . 6  3 1 4 1 3 
Arabinose 2 2 3 � 0 0 0 1 3 9 8  4 7 1 8  4 7 8 . 4  
Arabinose 2 2 4 1 0 0 0 1 4 2 2  5 0 . 0  5 3 4 . 6  
Arabinose 2 2 5 . 0 0 0 1 4 5 6  5 2 1 6  20 9 . 8  
4 9 
Acetylene 
Elapsed Kjeldahl R educing 
Time OD Nitrogen Activi§Y 
Sugar Rep ( hrs ) 6 4 0  nm u g / ml M X 1 0  
Arabinose 2 2 6 . 0 0 0 . 4 7 2  5 2 1 4  5 5 1 8  
Arabinose 2 2 7 � 0 0 0 1 4 6 5  5 3 . 5  8 . 7  
Arabinose 2 2 8 1 0 0 0 . 4 5 8  5 6 1 6  8 1 6  
Arabinose 2 5 2 . 0 0 0 � 4 3 2  5 5 . 7 0 2 1 0  
Arabinose 3 0 1 0 0 - -
Arabinose 3 1 .  0 0  0 � 0 1 1  3 4 � 0 5 0 1 0  
Arabinose 3 3 � 00 0 1 0 1 8  2 4 � 9 5 3 1 8  
Arabinose 3 6_ . 00 0 � 0 7 1  2 4 . 9 5 8 6 1 7  
Arabinose 3 9 � 0 0 0 I 1 2 7 3 3  I 1 5  1 5 0 . 5  
Arabinose 3 1 0 1 5 0 0 I 1 5 2 2 8 . 0 0  1 8 9 . 7  
Arabinose 3 1 2 � 00 0 .  1 8 9 3 9  I 1 0  1 3 4 1 2  
Arabinose 3 1 3 . 5 0 0 � 2 3 3  3 3  I 3 0  2 0 4 . 9  
Arabinose 3 1 5 . 0 0 0 . 2 8 2  4 9 . 95 
Arabinose 3 1 6 . 5 0 0 . 3 2 8  4 0  I 1 0  2 5 8 1 6  
Arabinose 3 1 8 1 0 0 0 1 3 6 2  4 1 . 20 2 7 5 . 0  
Arabinose 3 1 9 . 5 0 0 . 3 8 5 3 9 1 6 0 3 0 3 . 3  
Arabinose 3 2 1 . 0 0 0 . 4 1 3  4 2 � 3 0 2 4 3 . 7  
Arabinose 3 2 2 � 5 0 0 . 4 5 0  4 6 1 7 0 3 1 0 1 8  
Arabinose 3 2 4 1 0 0 0 . 4 6 9  4 7 1 8 0 2 4 2 1 3  
Arabinose 3 2 5 � 5 0 0 1 4 8 1  4 5 . 1 0  1 8 0 . 4  
Arabinose 3 27 . 0 0 0 � 4 9 2  4 7  I 1 0  4 8  I 1 
Arabinose 3 2 8 1 5 0 0 1 4 6 7  4 5  I 1 0  6 . 6 
Arabinose 3 3 0 � 0 0 0 1 4 4 6  4 7 � 3 0 5 1 0  
Arabinose 3 4 5 � 7 5 0 1 42 2  4 7 � 4 5 3 � 2  
Galactose 1 0 . 0 0 0 1 0 4 6  2 4 1 5  0 1 0  
Galactose 1 1 I 50 0 � 0 5 6  2 4 1 5  0 1 0  
Galac tose 1 3 � 0 0 0 1 0 6 6  1 7 1 5  0 1 0  
Galactose 1 4 1 5 0 0 � 0 7 1  7 1 8  0 . 0  
Galactose 1 6 1 00 0 .  1 0 1  3 0  I 1 0 1 0  
Galactose 1 7 . 50 0 I 1 2 5 1 9 1 5  2 1 2  
Galactose 1 9 � 00 0 I 1 2 8 2 4 1 4  5 . 9  
Galactose 1 1 0 � 5 0 0 .  1 3 4 1 9 1 9  7 1 0  
Galactose 1 1 2 1 0 0 0 .  1 4 0 1 9  I 1 1 4 . 0  
Galactose 1 1 3 � 5 0 0 .  1 5 5 2 3 . 1 2 9 1 0  
Galactose 1 1 5 � 0 0 0 .  1 6 2  2 9 . 0  3 7 . 0  
Galactose 1 1 6 1 5 0 0 I 1 6 7 3 0  I 1 8 3 1 0  
Galactose 1 1 8 1 00 0 .  1 7 4 2 4 1 7  1 0 0 . 0  
Galactose 1 1 9 � 5 0 0 .  2 06 2 7 1 6  1 1 7 .  5 
5 0  
Acetylene 
Elapsed Kjeldahl Reduc i ng 
Time OD N itrogen Activi§Y 
Sugar Rep ( hr s ) 6 4 0  nm ug/ml M X 1 0  
Galactose 1 2 0 � 5 0 0 . 22 2  3 6 1 8  1 5 0 1 0  
Galactose 1 2 1 1 5 0 0 � 2 3 7  2 2  I 1 1 8 0 1 0  
Galactose 1 22 � 5 0 0 1 2 6 1  2 6 1 7  1 7 0 1 0  
Galactose 1 2 4 1 0 0 0 . 2 9 8  3 5 . 2  1 9 0 1 0  
Galactose 1 2 6 1 5 0 0 � 3 5 7  3 3 1 0  2 1 0 1 0  
Galactose 1 2 8 1 0 0 0 � 3 9 8  4 3 1 9  2 2 0 . 0  
Galactose 1 2 9 � 5 0 0 . 4 4 1  1 0 7 1 4  1 5 0 1 0  
Galactose 1 3 1 1 0 0 0 � 4 5 0  4 2 1 5  1 9 1 0  
Galactose 1 3 2 � 5 0 0 1 4 6 9  4 5 . 0  5 . 4  
Galactose 1 3 5 � 5 0 0 . 4 4 4  5 2 . 2  4 1 0 
Galactose 1 37 � 0 0 0 � 4 3 2  4 2 1 7  
Galactose 2 0 . 0 0 0 1 0 5 1  1 5 1 3  0 1 0  
Galactose 2 1 I 5 0  0 . 0 4 1  1 7 . 4  0 . 0  
Galactose 2 3 � 0 0 0 . 0 8 4  1 5 1 5  0 . 0  
Galactose 2 4 . 5 0 0 . 0 5 6  1 9 1 8  0 . 0  
Galactose 2 6 1 0 0 0 1 0 6 0  1 8 1 9  0 . 0  
Galactose 2 7 � 5 0 0, 1 0 7 2  1 7 1 5  a l a  
Galactose 2 9 . 5 0 0 . 0 8 8  1 7 1 6  1 I 0 
Galactose 2 1 0 � 2 5 0 .  1 0 0 1 6 . 5 1 6 . 0  
Galactose 2 1 2 . 7 5 0 .  1 1 1  1 7 . 4  4 1  . 0 
Galactose 2 1 4 . 0 0 0 .  1 1  9 2 4 . 9  5 7 . 0  
Galactose 2 1 5 . 0 0 0 .  1 3 4 1 9 1 4  6 7 . 0  
Galactose 2 1 6 1 5 0 0 .  1 4 9 2 4 . 3  1 2 9 1 0  
Galactose 2 1 8 . 0 0 0 .  1 7 7 2 7 . 9  1 4 1  I 0 
Galactose 2 1 9 � 5 0 0 � 2 2 2  2 8 1 4  1 5 4 1 0  
Galactose 2 2 1 1 0 0 0 . 2 6 1  3 5 1 8  1 3 2 1 0  
Galactose 2 2 2 � 5 0 0 . 3 0 5  3 8 1 7  4 1 2 1 0  
Galactose 2 2 4 1 0 0 0 . 3 6 0  48 7 1 0  
Galactose 2 2 5 . 5 0 0 1 38 3  4 6 . 7  4 5 1 . 0  
Galactose 2 2 7 � 0 0 0 . 4 4 4  4 5 1 7  6 1 4 . 0  
Galactose 2 2 8 1 5 0 0 . 4 6 9  3 9 � 7  7 6 . 0  
Galactose 2 3 0 1 0 0 0 � 4 7 8  4 4 1 4  4 . 2  
Galactose 2 3 0 � 5 0 0 . 47 1  5 1 9  
Galactose 2 3 1  I 5 0  0 . 4 6 9  5 2 1 5  4 . 6 
Galactose 2 4 8 . 0 0 0 . 4 4 6  3 7 � 3  2 1 2  
Galactose 3 0 1 5 0 0 . 0 5 8  2 5 1 6  0 1 0  
Galactose 3 2 � 7 5 0 1 0 6 9  0 1 0  
Galactose 3 4 1 2 5 0 1 0 7 1  3 0 1 7  0 1 0  
5 1  
Acetylene 
Elapsed Kjeldahl Reducing 
Time OD Nitrogen Activi§Y 
Sugar Rep ( hrs ) 6 4 0  nm u g / ml M X 1 0  
Galactose 3 5 . 7 5 0 1 0 8 6  2 4 . 5  0 . 0  
Galactose 3 7 . 2 5 0 I 1 0 8 3 1  ' 5  1 ' 4  
Galactose 3 8 . 7 5 0 I 1 1 4 2 2 . 1 1 1  I 3 
Galactose 3 1 0 � 2 5 0 .  1 1 9 1 9 . 3  
Galactose 3 1 2 . 0 0 0 .  1 3 1 2 5 . 3  4 9 1 4  
Galactose 3 1 3 � 5 0 0 I 1 5 1  2 6 . 0  5 2 . 4  
Galactose 3 1 5 � 5 0 0 I 1 8 7 2 8 . 9  5 9 . 3  
Galactose 3 1 1 . 0 0 0 � 2 2 0  3 0 . 7  1 0 9 . 0  
Galactose 3 1 8 . 5 0 0 . 2 6 0  3 3 . 7  1 6 8 . 7  
Galactose 3 2 0 . 0 0 0 . 2 9 1  3 3 . 7  20 6 . 0  
Galactose 3 2 1 . 5 0 0 . 3 3 4  4 1  . 2 2 5 2 . 4  
Galactose 3 2 3 � 0 0 0 . 4 1 7  4 5 . 9  2 6 8 . 1 
Galactose 3 2 4 . 5 0 0 . 4 5 6  5 1  . 5 4 6 8 . 2  
Galactose 3 2 6 1 00 0 . 5 0 9  5 6 . 0  1 6 9 . 3 
Galactose 3 27 � 5 0 0 . 5 1 6  6 0 . 5  8 . 4 
Galactose 3 4 1 . 00 0 . 5 1 6  5 4 . 3  4 . 3  
Glucose 1 1 .  0 0  0 . 0 1 1  2 6 . 4 5 0 1 0  
Glucose 1 3 . 0 0 0 � 0 2 1  3 7 . 0 0 0 . 0  
Glucose 1 6 . 0 0 0 1 0 8 6  4 0 1 8 0 1 I 8 
Glucose 1 9 � 0 0 0 I 1 1 2 3 0 � 9 0 8 1 . 7  
Glucose 1 1 0 . 5 0 0 I 1 3 4 3 6 � 5 5 1 3 9 � 9  
Glucose 1 1 2 . 0 0 0 I 1 7 3 3 3 � 2 0 4 0 4 1 5  
Glucsoe 1 1 3 . 5 0 0 � 20 8  4 9  I 1 0  3 7 0 1 5  
Glucose 1 1 5 . 0 0 0 1 2 4 9  4 2 . 2 5  1 9 0 1 5  
Glucose 1 1 6 . 5 0 0 1 2 8 8  4 4 . 4 0 3 3 7 1 2  
Glucose 1 1 8 . 0 0 0 � 3 1 6  5 5 � 5 0 2 0 4 1 9  
Glucose 1 1 9 . 5 0 0 � 3 5 7  4 3 . 3 0 2 9 7 . 9  
Glucose 1 2 1  I 0 0  0 � 3 8 2  4 4 . 5 5 2 9 1 . 8 
Glucose 1 22 . 5 0 0 1 4 1 5  4 9 . 6 5 8 0 1 5  
Glucose 1 2 4 . 0 0 0 1 4 6 6  4 9 � 6 5 2 8 8 1 8  
Glucose 1 2 5 . 5 0 0 1 4 4 4  1 5  I 1 
Glucose 1 2 7 . 0 0 0 1 4 4 5  5 0 . 2 0 1 0 . 6  
Glucose 1 2 8 1 5 0 0 1 4 4 4  5 0 . 9 0 7 . 4 
Glucose 1 4 5 � 7 5 0 � 3 9 9  5 0 . 9 0 2 . 8  
Glucose 2 0 1 00 0 � 0 5 9  1 9 . 1 0  o . o  
Glucose 2 1 I 5 0  0 1 0 6 0  1 8 1 0 0 0 1 0  
Glucose 2 3 . 00 0 . 0 6 8  1 8 . 8 0 0 . 0  
Glucose 2 4 . 5 0 0 . 0 8 1  2 3 � 0 0 0 . 0 
5 2  
Acetylene 
Elapsed Kjeldahl Reduc ing 
T ime OD N it r o gen Activi §Y 
Su gar Rep ( hrs ) 6 4 0  nm ug /ml M X � 0  
Glu c ose 2 6 1 0 0 0 I 1 0 3  1 8 . 1 0  1 I 0 
Glu c ose 2 7 � 2 5 0 I 1 3 4 2 0 . 0 0 7 1 0 
Glu c o se 2 9 � 0 0 0 .  1 4 0 2 3 . 5 0 2 5 . 0  
Glu c ose 2 1 0 � 5 0 0 I 1 6 1  2 5 . 8 0 6 2 . 0  
Gluco se 2 1 2 . 2 5 0 .  1 8 0 2 5 . 40 8 9 . 5  
Glu c ose 2 1 3 . 0 0 0 . 2 0 8  2 6 . 8 0 1 7 5 1 0  
Glu cose 2 1 4 . 0 0 0 . 2 3 1  3 1 � 4 0 2 4 5 . 0  
Glu c ose 2 1 5 . 0 0 0 . 2 8 1  3 5 . 8 0 3 3 0 1 0  
Glu c ose 2 1 6 . 0 0 0 . 3 2 8  3 8 � 60 4 4 0 . 0  
Glu c ose 2 1 7 . 0 0 0 . 3 7 4  4 1 . 40 4 4 5 1 0  
Glu c ose 2 1 8 1 0 0 0 . 4 0 0  4 5 . 8 0 4 7 0 1 0  
Glu c ose 2 1 9 . 0 0 0 . 4 2 4  4 9 . 30 1 2 7 1 5  
Glu c o se 2 2 0 . 0 0 4 9 . 6 0 1 2 1 5  
Glu c ose 2 2 1  . o o 0 . 4 1 7  5 2 . 40 1 4 . 0  
Glu c ose 2 2 2 . 0 0 0 . 4 0 9  4 6" . 3 0  8 . 7  
Gluc ose 2 2 3 . 0 0 0 . 3 8 7  4 7 . 4 0  8 .  1 
Glu c ose 2 2 4 . 7 5 0 . 4 1 8  4 6 . 50 6 . 4  
Gluc ose 2 2 6 � 2 5 0 1 4 2 0  
Glu c ose 2 2 7 � 7 5 0 � 4 3 2  
Gluc ose 2 4 5 1 00 0 1 3 8 4  4 5 . 8 0 
Gluc ose 3 0 1 0 0 0 . 0 1 3  2 9 . 2 0 0 1 0  
Gluc ose 3 1 I 5 0  0 . 0 1 4  3 0 � 6 0 0 1 0  
Gluc ose 3 3 � 0 0 0 1 0 1 8  3 2 � 0 0 0 . 0  
Gluc ose 3 1 2 . 0 0 0 .  1 3 5 2 8 . 6 0 1 6 5 . 0  
Glu c ose 3 1 3 . 0 0 0 .  1 4 9 3 4 � 4 0 2 2 0 . 0  
Gluc o se 3 1 4 . 00 0 .  1 9 0 3 3 . 6 0 1 4 5 . 0  
Glu c ose 3 1 5 . 0 0 0 .  1 9 8 5 0 � 4 0 1 4 0 . 0  
Glu c ose 3 1 6 . 0 0 0 . 2 5 6  4 3 . 8 0  3 8 0 . 0  
Glu c ose 3 1 7 . 00 0 � 2 7 8  4 1 . 6 0 5 5 5 . 0  
Glu c ose 3 1 8 . 00 0 . 3 1 0  4 3 . 20 7 1 . 0 
Glu c ose 3 1 9 . 0 0 0 . 3 2 3  4 2 . 4 0 3 9 2 . 5  
Gluc ose 3 2 0 1 0 0 0 . 3 7 9  5 0 . 4 0 1 3 0 . 0  
Glu c ose 3 2 1 . 0 0 0 . 4 4 3  5 4 . 8 0 1 3 . 2  
Glucose 3 2 2 . 0 0 0 . 3 9 3  5 7 . 0 0 1 4 . 7  
Glu c ose 3 2 3 . 0 0 0 . 3 8 2  5 0 . 4 0 1 0 . 9  
Glu c ose 3 2 4 . 0 0 0 . 3 7 7  5 1 . 2 0 7 . 6 
Glu c ose 3 3 7 . 0 0 0 . 4 2 0  4 7 . 6 0  7 . 9  
5 3  
A c e t y l e n e  
E l a p s e d  K j e l d a h l R e d u c i n g  
T i me OD N i t r o g e n  A c t i v i §Y 
S u ga r  R e p  ( hr s ) 6 4 0  nm u g / m l  M X 1 0  
M an n o s e  1 0 . 0 0 0 . 0 4 3  1 4 . 2 0 0 . 0  
M an n o s e  1 1 .  5 0  0 . 0 4 3  1 9 . 0 0 0 . 0  
M an n o s e  1 3 . 0 0 0 . 0 5 8  1 3 . 0 0 1 . 4 
M an n o s e  1 4 . 5 0 0 . 0 6 9  1 5 . 0 0 2 . 2  
Man n o s e  1 6 . 0 0 0 . 0 9 8  1 4 . 6 0 1 2 . 0  
Ma n n o s e  1 7 . 5 0 0 .  1 2 0 1 3 . 0 0 1 2 . 0  
Ma n n o s e  1 9 . 2 5 0 I 1 6 1  1 s . oo 4 . 0  
M an n o s e  1 1 0- . 5 0 0 .  1 6 1  2 6 � 7 0 3 . 8  
M an n o s e  1 1 1  ' 5 0 0 I 1 6 5 2 2 . 20 4 7 . 0  
M an n o s e  1 1 2 . 5 0 0 I 1 8 7 2 0 . 00 1 5 0 . 0  
N an n o s e  1 1 3 . 5 0 0 . 2 0 6  2 7 . 8 0 1 5 0 . 0  
M an n o s e  1 1 4 . 5 0 0 . 2 3 5  2 6 . 7 0 2 1 0 . 0  
M an n o s e  1 1 5 . 5 0 0 . 2 6 0  2 5 . 8 0 2 2 0 . 0  
M an n o s e  1 1 6 . 5 0 0 . 2 7 7  3 0 . 4 0 2 8 0 . 0  
M an n o s e  1 1 7 . 5 0 0 . 2 9 7  3 4  I 1 0  2 0 0 . 0  
M an n o s e  1 1 8 . 5 0 0 . 3 4 2  3 4 . 6 0 4 0 0 . 0  
M an no s e  1 1 9 . 50 0 . 3 6 7  3 4 . 1 0  
Ma n n o s e  1 2 0 . 5 0 0 . 37 9  3 8 . 6 0 4 7 0 . 0  
Ma n n o s e  1 2 1 . 5 0 0 . 4 2 0  4 2 . 5 0 2 9 0 . 0  
M a n n o s e  1 2 2 . 5 0 0 . 4 4 0  4 4 1 0 0 4 3 0 . 0  
Ma n n o s e 1 2 3 . 5 0 0 . 4 5 8  4 5 . 8 0  . 4 8 0 . 0  
Ma n n o s e  1 2 4 . 5 0 0 . 4 6 8  4 8 . 5 0 1 9 0 . 0  
Ma n n o s e  1 2 5 . 50 0 . 4 6 8  4 5 . 3 0 1 4 . 0  
Ma n n o s e 1 2 6 . 50 0 . 4 7 1  5 1 . 20 9 . 4  
Ma n n o s e  1 2 7 . 5 0 0 1 4 6 8  4 5 . 8 0 
Ma n n o s e  1 4 5 . 0 0 0 . 4 5 0  4 9 . 8 0 2 I 1 
M an n o s e  2 0 . 0 0 0 . 0 3 8  1 9 � 9 0  o . o  
M a n n o s e  2 1 .  5 0  0 . 0 3 8  1 9 . 8 0 0 1 0  
M an n o s e  2 3 . 0 0 0 1 0 4 3  0 . 0  
M an n o s e  2 4 . 5 0 0 . 0 5 1  1 8 . 9 0 0 1 0  
M a n  n o s e  2 6 . 0 0 0 . 0 7 6  2 0 . 6 0 3 1 4  
M an n o s e  2 7 �· 2 5  0 . 0 9 0  2 5 � 20 1 1  I 6 
M an n o s e  2 9 . 2 5 0 .  1 0 6  6 0 . 9  
M an n o s e  2 1 1  I 0 0  0 .  1 4  7 2 4 � 2 0 6 1  ' 8  
M an n o s e  2 1 2 � 2 5 0 .  1 7 1  2 9 . 8 0 1 9 0 1 0  
H an n o s e  2 1 3 � 7 5 0 � 2 1 0  2 7 � 8 0 3 2 8 . 0 
Man n o s e  2 1 5 � 2 5 0 . 2 7 6  2 9 . 6 0 3 7 9 1 3  
M a n  n o s e  2 1 7 . 0 0 0 � 3 5 7  4 2 . 5 0 5 0 8 . 0  
5 4 
A c e t y l e n e 
E l a p s e d  K j e l d a h l R e d u c i n g  
T i me OD N i t r o g e n  A c t i v i §Y 
S u ga r R e p ( h r s ) 6 4 0  nm u g / m l M X 1 0  
M an n o s e  2 1 8 . 2 5 0 . 4 2 0  4 2 . 5 0 4 9 3 . 4  
M an n o s e  2 2 0 . 0 0 0 . 4 9 5  5 0 . 6 0 7 9 4 . 6  
M a n n o s e  2 2 1 . 25 0 . 5 1 6  4 9 . 9 0 2 4 8 . 0  
M a n  n o s e  2 2 2 . 7 5 0 . 5 2 6  5 1 . 8 0 1 2 .  1 
M an n o s e  2 2 4 . 2 5 0 . 5 1 9  5 2 . 6 0 1 0 . 8  
M an n o s e  2 2 5 � 7 5 0 . 5 2 1  5 2 � 8 0 1 1  I 7 
Ma n n o s e 2 4 4 . 7 5 0 . 4 8 5  4 . 7  
M an n o s e  3 o . o o 0 . 0 8 6  1 4 . 9 0 0 . 0  
M an n o s e  3 1 .  5 0  0 . 0 8 5  o . o  
M a n n o s e  3 3 . 0 0 0 . 0 9 4  2 2 . 6 0 0 . 0  
M an n o s e  3 4 1 5 0 0 .  1 1 5 3 . 5  
M an n o s e  3 6 . 25 0 .  1 3 1  1 4 . 30 1 1  I 3 
Man n o s e  3 8 1 5 0 0 I 1 5 5 5 1  I 5 
M an n o s e  3 9 . 50 0 .  1 7 2 2 0 . 2 0 3 4 . 8  
M a n n o s e  3 1 1  . 5 0  0 . 2 2 0  2 1 . 1 0 1 8 9 . 5  
M an n o s e  3 1 3 . 0 0 . 0 . 2 6 4  2 7 . 0 0  2 37 . 7  
M an n o s e  3 1 5 . 0 0 0 . 3 6 7  3 3 . 9 0 3 8 6 . 3  
M an n o s e  3 1 6 . 7 5 0 . 4 4 4  3 9 . 8 0 7 5 2 . 7  
M an n o s e  3 1 8 . 5 0 0 . 5 2 3  4 5 . 20 6 6 3 . 6  
M an n o s e  3 2 0 . 00 0 . 5 6 4  5 4 . 40 2 6 0 . 8  
M an n o s e  3 2 1 . 5 0 0 . 5 7 7  4 9 . 5 0 1 4 1 6  
M an n o s e  3 2 3 . 0 0 0 . 5 5 3  5 8 . 8 0 1 0 . 9  
M an n o s e  3 2 4 . 5 0 0 . 5 6 9  5 5 � 6 0 3 . 9  
M an n o s e  3 4 5 � 50 0 � 5 1 6  5 5 . 20 3 .  5· 
M an n o s e  4 0 . 0 0 0 . 0 4 0  2 2 . 6 0 0 . 0  
M an n o s e  4 1 .  50  0 . 0 3 6  0 . 0  
M an n o s e  4 3 . 00 0 . 4 1 1 6  I 40 0 . 0 
M a n n o s e  4 4 . 5 0 0 1 0 4 7  0 . 0  
Man n o s e  4 6 . 5 0 0 . 0 6 7  2 3 . 5 0 0 . 0  
M an n o s e  4 8 . 5 0 0 . 0 8 1  7 . 9 
M an n o s e  4 9 . 5 0 0 . 0 8 5  2 0  I 4 0  1 3  I 9 
M an n o s e  4 1 1  . 50  0 .  1 0 2 1 9 . 6 0 1 2 . 3  
M an n o s e  4 1 3 . 0 0 0 I 1 0 9 2 1 . 5 0 3 4 . 3  
Man n o s e  4 1 5 . 0 0 0 I 1 5 0 2 6 . 9 0 1 6 1  . 2 
M a n n o s e  4 1 6 . 7 5 0 I 1 9 0 2 6 . 1 0  2 7 0 . 0  
M an n o s e  4 1 8 . 5 0 0 . 25 6  2 5 . 6 0 3 7 . 6  
M an n o s e  4 2 0 . 0 0 0 . 3 1 4  2 8 . 2 0 1 9 4 . 4  
5 5  
A c e t y l e n e  
E l a p s e d  K j e l d a h l  R e d u c i n g  
T i me OD N i t r o g e n  A c t i v i §Y 
S u ga r  R e p  ( hr s ) 6 4 0  nm u g / m l  M X 1 0  
M an n o s e  4 2 1 . 5 0 0 . 3 6 4  3 4 . 0 0 4 2 6 . 0  
M an n o s e  4 2 3 . 00 0 . 4 2 8  4 9 . 3 0 3 3 8 . 0  
M an n o s e  4 2 4 . 5 0 0 . 4 8 8  4 7 . 6 0 2 9 3 . 6  
M an n o s e  4 2 6 . 0 0 0 . 5 3 8  5 6 . 30 3 2 9 . 6  
M a n n o s e  4 2 7 . 0 0 0 . 5 6 8  5 7 . 8 0 1 3 . 2  
M a n n o s e  4 2 8 . 0 0 0 . 5 7 3  6 0 . 7 0 7 . 6 
M a nn o s e  4 2 8 . 7 5  0 . 5 5 3  5 5 . 80 5 . 7  
M an n o s e  4 4 5 . 7 5 0 . 5 4 5  5 5 . 20 4 .  1 
S uc r o s e  1 0 . 0 0 0 . 0 2 9  3 4 . 6 0 o . o  
S uc r o s e  1 1 .  5 0  0 . 0 3 6  3 8 . 20 o . o  
S uc r o s e  1 3 . 00 0 . 0 3 9  2 8 . 8 0 0 . 0  
S uc r o s e  1 4 . 50 0 . 0 5 4  3 5 . 4 0 o . o  
S uc r o s e  1 6 . 00 0 .  1 0 2 3 2 . 4 0  0 . 0  
S uc r o s e  1 7 . 5 0 0 .  1 2 5 3 2 . 4 0 1 . 3 
S uc r o s e  1 9 . 00 0 .  1 4 3 3 4 . 6 0 2 . 5  
S u c r o s e  1 1 0 . 5 0 0 .  1 6 2 3 6 . 8 0 1 -1 . 0 
S uc r o s e  1 1 2 . 00 0 .  1 7 4 3 6 . 0 0 2 5 . 0  
S uc r o s e  1 1 3 . 0 0 0 .  1 9 9 3 7 . 4 0 
S u c r o s e  1 1 4 . 0 0 0 . 20 1  4 0 . 4 0 1 1  . 0 
S uc r o s e  1 1 5 . 0 0 0 . 2 2 9  4 0 . 4 0 5 2 . 0  
S u c r o s e  1 1 6 . 0 0 0 . 2 4 4  4 3 . 4 0 5 8 . 0  
S u c r o s e  1 1 7 . 0 0 0 . 2 7 2  4 4 . 0 0 8 7 . 0  
S u c r o s e  1 1 8 . 0 0 0 . 3 1 0  4 9 . 8 0 8 6 . 0  
S u c r o s e  1 1 9 . 0 0 0 . 3 6 7 5 1 . 4 0  1 0 0 . 0  
S u c r o s e  1 2 0 . 0 0 0 . 3 9 5  5 3 . 8 0 1 6 0 . 0  
S u c r o s e  1 2 1  I 00 0 . 4 4 4  3 9 . 0 0 1 3 0 . 0  
S u c r o s e  1 2 2 . 0 0 0 . 5 0 9  4 5 . 2 0 2 2 0 . 0  
S u c r o s e  1 2 3 . 0 0 0 . 5 5 3  5 2 . 2 0 1 6 0 . 0  
S u c r o s e  1 2 4 . 0 0 0 . 6 2 0  4 8 . 6 0 1 8 0 . 0  
S u c r o s e  1 2 5 . 0 0 0 . 6 4 8 5 6 . 0 0 5 6 . 0  
S u c r o s e  1 2 6 . 0 0 0 . 6 9 9  6 2 . 4 0 2 0 0 . 0  
S u c r o s e  1 2 7 . 0 0 0 . 7 4 5  6 6 . 6 0 9 9 . 0  
S u c r o s e  1 2 9 . 0 0 0 . 7 5 7  6 7 . 40 1 4 . 0  
S u c r o s e  1 7 2 . 0 0 0 . 7 2 1  7 2 . 20 
5 6 
A c e t y l e n e 
E l ap s e d  K j e l d a h l  R e d u c i n g  
T i me OD N i t r o g e n  A c t i v i §Y 
S u ga r  R e p  ( h r s ) 6 4 0  nm u g / m l  M X 1 0  
Xy lo s e  1 0 . 0 0 0 . 0 1 8  1 7 . 4 5 0 . 0  
Xy l o s e  1 6 . 5 0 0 . 0 4 3  1 4 . 3 5 0 . 0 
Xy l o s e  1 8 . 5 0 0 . 0 5 4  0 . 0  
Xy lo s e  1 1 3 . 0 0 0 . 0 8 1  1 8 . 6 5 0 . 0  
Xy l o s e  1 1 4 . 0 0 0 . 0 8 1  0 . 0  
Xy lo s e  1 1 6 . 0 0 0 . 0 8 9  0 . 0  
Xy lo s e  1 1 9 . 0 0 0 . 0 9 5  1 7 . 7 0 0 . 0  
X y l o s e  1 2 2 . 0 0 0 .  1 0 5 0 . 0  
Xy l o s e  1 2 4 . 0 0 0 .  1 0 8 2 0 . 3 0 0 . 0  
Xy l o s e  1 2 6 . 0 0 0 .  1 0 8 0 . 0  
Xy l o s e  1 2 8 . 0 0 0 .  1 1 0 1 9 . 9 5 0 . 0  
Xy l o s e  1 3 0 . 2 5 0 .  1 1 0 2 0 . 1 5  0 . 0 
Xy lo s e  1 5 2 . 7 5 0 .  1 1 0 1 7 . 7 0 0 . 0  
Xy l o s e  2 o . o o o .  o ·1 3  1 4 . 6 0 0 . 0  
Xy l o s e  2 1 .  5 0  0 . 0 1 4  1 3 . 7 5 0 . 0 
Xy l o s e  2 3 . 0 0 0 . 0 1 1  1 4 . 8 0 0 . 0  
Xy lo s e  2 4 . 5 0 0 . 0 0 9  0 . 0  
Xy l o s e  2 6 . 2 5 0 . 0 1 1  1 5 . 1 5  0 . 0  
Xy l o s e  2 7 . 5 0 0 . 0 1 8  0 . 0 
Xy l o s e  2 9 . 0 0 0 . 0 2 0  1 8 . 2 5 0 . 0  
Xy l o s e  2 1 0 . 5 0 0 . 0 2 9  1 2 . 5 5 0 . 0  
Xy l o s e  2 1 2 . 0 0 0 . 0 3 8  1 0· . 6 0  o . o 
Xy lo s e  2 1 3 . 5 0 0 . 0 3 8  0 . 0  
Xy l o s e  2 1 5 . 0 0 0 . 0 5 3  1 6 . 3 5 0 . 0  
Xy lo s e  2 1 6 . 5 0 0 . 0 5 4  0 . 0  
Xy lo s e  2 1 8 . 0 0 0 . 0 6 2  0 . 0 
Xy l o s e  2 1 9 . 7 5 0 . 0 7 0  2 2 . 4 5 0 . 0 
Xy lo s e  2 2 1 . 0 0 0 . 0 7 7  0 . 0  
Xy l o s e  2 22 . 5 0 0 . 0 8 7  2 1 . 0 0 1 .  6 
Xy lo s e·· 2 2 4 . 0 0 0 . 0 9 4  3 . 9  
Xy lo s e  2 2 5 . 0 0 0 .  1 0 5 1 6 . 8 5 6 . 7  
Xy l o s e  2 2 7 . 0 0 0 .  1 3 4 
Xy l o s e  2 2 9 . 0 0 0 .  1 2 0 
